We assessed the potential of fatty acid (FA) markers for tracing primary production from an invasive green alga (Codium fragile ssp. fragile) and a native kelp (Saccharina longicruris) through 2 trophic levels in an experimental food web: a primary consumer, the green sea urchin Strongylocentrotus droebachiensis, and 2 secondary consumers, the native rock crab Cancer irroratus and invasive green crab Carcinus maenas. Sea urchins fed the 2 algal species had distinct gonadal FA compositions, and contained markers of each alga. Crabs of each species were then fed the gonads of sea urchins which had been fed either S. longicruris or C. fragile, and their hepatopancreases were analyzed. We were able to distinguish crabs of both species with C. fragile at the base of the food chain using the marker FAs 16:3n-3 and 18:3n-3. The overall FA composition of the hepatopancreas differed with diet in the green crab but not the rock crab. Our results suggest that 16:3n-3 may be a useful marker for tracing C. fragile production in grazers and some secondary consumers in rocky subtidal habitats in the Northwest Atlantic, but signal attenuation with each trophic transfer will limit the utility of this approach in higher consumers.
INTRODUCTION
The development of dietary tracer techniques such as stable isotope (SI) and fatty acid (FA) analysis has enabled increasingly comprehensive studies of trophic relationships among marine organisms (Dalsgaard et al. 2003 , Iverson et al. 2004 , Budge et al. 2006 , Rooker et al. 2006 , Wai et al. 2008 . Unlike analysis of gut contents or fecal pellets, these tracers can provide relatively long-term dietary data that are not biased toward food items with indigestible hard parts. Tracers may provide an additional advantage for studying food webs in that their signals may persist through multiple trophic transfers (Hall et al. 2006) . Although both SI and FA analyses have been used effectively in studies of marine food webs, FAs may be preferable for delineating trophic relationships in some systems because they can provide finer resolution and more discriminatory power than SIs (Kharlamenko et al. 2001 , Iverson et al. 2004 , Rooker et al. 2006 ).
Marine primary producers, including bacteria, diatoms, dinoflagellates, angiosperms and macroalgae, can be distinguished by characteristic marker FAs, as well as combinations of FAs (Sargent et al. 1988 , Graeve et al. 2002 . These FAs are often conserved through trophic levels such that the FA patterns of consumers may be traced to their food sources (Graeve et al. 1994 , Iverson et al. 1997 . While quantitative transfer of whole combinations of FAs (the FA signature; Iverson 1993 ) has been clearly demonstrated near the top of food webs -i.e. from prey to vertebrate predators (Iverson et al. 2004 (Iverson et al. , 2007 ) -this may be less likely at the base of food webs because of extensive FA biosynthesis and modification in invertebrate primary consumers. Nevertheless, FAs have been used to distinguish the sources of primary production consumed by grazers in a number of marine systems (Kharlamenko et al. 2001 , Rooker et al. 2006 . In cases where a food source of interest is readily distinguishable based on the presence of a unique marker FA or an unusually large quantity of one or more FAs, it may be possible to trace primary producers through multiple trophic levels to higher-order consumers (Hall et al. 2006) . Thus FA analysis may be particularly useful for elucidating the role of non-native algal species in the food webs of invaded ecosystems if the non-native species differ from native species in their overall FA composition or in their relative abundance of particular marker FAs.
The rocky subtidal ecosystem in Atlantic Canada presents an ideal model system for testing the transfer of FA markers across multiple trophic levels, and for tracking a non-native primary producer through a food web using FA analysis. Historically, this ecosystem has alternated between 2 states: kelp beds (mostly Saccharina longicruris and Laminaria digitata) with a low density of sea urchins Strongylocentrotus droebachiensis, and barren grounds dominated by sea urchins and encrusting coralline algae (Scheibling 1986) . Facilitative interactions between recently introduced non-native species have brought about a third state of this ecosystem, in which an invasive green alga, Codium fragile ssp. fragile (previously C. fragile ssp. tomentosoides, Provan et al. 2008; hereafter C. fragile) , has replaced kelp as the dominant canopy-forming macroalga off Nova Scotia and in the Gulf of Maine (Harris & Tyrrell 2001 , Chapman et al. 2002 , Levin et al. 2002 . The fate of C. fragile production is largely unknown, as it contains a chemical that may deter herbivores in the wild (Lyons et al. 2007 , Lyons & Scheibling 2008 . Although sea urchins consume C. fragile in a single-diet situation, it is a low-preference food that supports a low level of gonad production compared to kelp (Prince & LeBlanc 1992 , Scheibling & Anthony 2001 , Sumi & Scheibling 2005 , Lyons & Scheibling 2007a . FA analysis may be useful for revealing the role of C. fragile in nearshore rocky subtidal food webs by determining whether C. fragile is consumed by the dominant grazers and whether higher-order consumers prey on species that consume C. fragile.
Using FA signatures as dietary tracers in any system requires identification of FA markers in potential food species and controlled feeding experiments to determine whether these markers are conserved in the consumer (Budge et al. 2006 , Hall et al. 2006 . A few studies have used FAs to trace the transfer of organic matter from primary producers to invertebrate consumers in nearshore benthic ecosystems (Nichols et al. 1986 , Kharlamenko et al. 2001 , Alfaro et al. 2006 ), and Hall et al. (2006 identified marker FAs that could be traced through 2 trophic transfers, from primary producer to secondary consumer, in a controlled feeding experiment. Sea urchins Strongylocentrotus droebachiensis fed different algal diets in the laboratory can be distinguished based on their gonadal FA signatures, but these do not resemble the FA signatures of their food because of their extensive de novo FA biosynthesis (Cook et al. 2000 , Castell et al. 2004 , Kelly et al. 2008 . It may be possible, however, to distinguish the basal source of primary production in a multi-level food web including sea urchins by identifying markers of specific primary producers, or of sea urchins that consumed these primary producers, and finding these marker FAs in higher-order consumers. If FA markers can be used to distinguish organisms that use native kelp as their basal food source from those that use the non-native Codium fragile, this technique could be applied in field studies to compare the relative contribution of each species to higher trophic levels.
In the present study, we use FA analysis to trace 2 primary producers, non-native Codium fragile and native kelp Saccharina longicruris, through an experimental food web. We address the following specific questions: (1) Are there individual FA markers or characteristic FA ratios that can be used to track the fate of either algal species in grazers and higher-order consumers? (2) How does FA composition differ between sea urchins fed one or the other algal species? (3) How are the nutritional status and FA composition of the next trophic level (crabs fed sea urchins) affected by the source of primary production utilized by their prey?
MATERIALS AND METHODS

Experimental design.
We constructed an experimental food web consisting of 3 trophic levels: (1) the native kelp Saccharina longicruris and the invasive green alga Codium fragile as primary producers; (2) the green sea urchin Strongylocentrotus droebachiensis as a herbivore that consumed either S. longicruris or C. fragile; and (3) the native rock crab Cancer irroratus and invasive green crab Carcinus maenas as predators that consumed sea urchins fed either S. longicruris or C. fragile. These species cooccur in shallow (< 25 m depth) rocky habitats along the Atlantic coast of Nova Scotia and the Gulf of Maine (Harris & Tyrrell 2001 , Chapman et al. 2002 , Levin et al. 2002 . S. longicruris is a preferred food of sea urchins and supports high rates of their growth and reproduction (Scheibling & Hatcher 2007) . C. fragile is a low-preference food, although sea urchins consume it at high rates in the absence of kelps or other fleshy algae (Sumi & Scheibling 2005 , Lyons & Scheibling 2007b . Both crab species are generalist predators and scavengers. The rock crab commonly preys on sea urchins in the wild (Himmelman & Steele 1971 , Scheibling 1984 , while the green crab typically does not (Scheibling & Hamm 1991) .
Experimental organisms were collected using SCUBA at sites near Halifax, Nova Scotia. Saccharina longicruris was collected at Splitnose Point (44°28' N, 63°32' W) and Codium fragile at Cranberry Cove (44°28' N, 63°56' W) as needed throughout the experiment. Algae were maintained in aquaria supplied with flowing seawater. Sea urchins were collected from a grazing front at the margin of the kelp bed at Splitnose Point in June and August 2007. Sea urchins were maintained in flowing seawater and fed ad libitum either S. longicruris or C. fragile. A total of 240 sea urchins collected in June were held in eight 75 l glass aquaria (30 per aquarium) for 12 wk. By August, these sea urchins were beginning to show signs of stress (drooping spines, decreased feeding) associated with increasing water temperature (17 to 18°C; Lyons & Scheibling 2007a ). Therefore, we collected an additional 400 sea urchins and held them in 2 adjacent 1900 l (150 × 150 × 85 cm) fiberglass tanks with greater water flow and thermal buffering capacity. In October, remaining sea urchins from the 75 l aquaria were transferred to the 1900-l tanks. Uneaten algal rations in all tanks were removed and replaced with fresh algae twice per week. The change in wet weight of algae in each aquarium each week (11 June to 22 August 2007) was measured to calculate consumption rates.
Rock crabs and green crabs were collected at Duncan's Cove (44°30' N, 63°31' W) in August 2007. Crabs were held without food in 4 fiberglass tanks supplied with flowing seawater for 1 wk after collection. Individuals of both species were then allocated randomly to the 4 tanks (20 crabs per tank), and each diet (gonads of sea urchins fed either Saccharina longicruris or Codium fragile) was assigned randomly to 2 replicate tanks. Individual crabs were placed in plastic containers (1 l volume), perforated (5 mm diameter holes) to allow water flow, within the tanks. Crabs were fed once per week for 14 wk with 1 g of freshly dissected sea urchin gonad. Gonad tissue from ≥2 sea urchins was fed to each crab at each feeding event, and we observed crabs until all sea urchin gonad tissue was consumed. From 28 August to 9 October, sea urchins from the 75 l aquaria (which had been fed a single algal diet for a minimum of 12 wk) were used to feed crabs; thereafter, sea urchins from the larger tanks (which had been fed a single algal diet for a minimum of 10 wk) were used to feed crabs. Sea urchins were selected haphazardly for crab feeding and, because populations of Strongylocentrotus droebachiensis have a 1:1 sex ratio (Meidel & Scheibling 1998) , crabs likely consumed similar proportions of male and female sea urchin gonads.
Lipid extraction and FA analysis. Gonadal tissue was excised from 3 to 6 urchins from each algal diet on 28 August, 4 September, 17 October and 1, 15 and 28 November 2007. Hepatopancreases were excised from all crabs (euthanized by freezing) on 5 and 6 December 2007. To extract lipids from sea urchin gonads and crab hepatopancreas, a 1.5 g tissue sample from each animal was immediately transferred to a tube containing 20 ml chloroform and 10 ml methanol with 0.01% butylated hydroxytoluene (BHT) as an antioxidant. Tissue samples were manually homogenized, flushed with nitrogen and stored at 4°C for 24 to 48 h prior to lipid extraction. Algae were blotted to remove excess water and cleaned of epibionts before being chopped coarsely and manually homogenized using a mortar and pestle. A 9.0 g sample from each algal thallus (n = 5 for each species) was weighed before adding 20 ml chloroform and 10 ml methanol with 0.01% BHT.
Lipid extraction protocols were modified from Folch et al. (1957) as described in Kelly et al. (2008) . The samples in solvent (algae, sea urchin gonad or crab hepatopancreas) were filtered (Fisher P8 filter paper) to remove any tissue before adding 7 ml 5% NaCl. Samples were shaken and then centrifuged for 20 min. The lipid-containing lower phase was filtered through NaSO 4 and evaporated to dryness under nitrogen at 25 to 30°C in a pre-weighed boiling tube. The boiling tube was re-weighed to calculate the amount of crude lipid for each sample.
Crude lipid samples were purified to remove proteins, pigments and cholesterol using thin-layer chromatography (TLC). Lipids were dissolved in hexane and spotted onto silica TLC plates (Sigma) and developed in a TLC chamber with a 90:10:1 petroleum ether:ethyl ether:acetic acid solution for approximately 45 min. Plates were sprayed with 2, 4 dichlorofluorescein and viewed under UV light to mark the lipidcontaining band. The lipid-containing band was then scraped from the silica plate and transferred to a funnel packed with silane-treated glass wool. Chloroform with 0.01% BHT was used to dissolve purified lipid into a pre-weighed tube. The sample was evaporated to dryness under nitrogen at 25 to 30°C, and the purified lipid was dissolved in 1.5 ml methylene chloride with 0.01% BHT and subjected to acidic transesterification (H 2 SO 4 in methanol) to produce FA methyl esters (FAME), as described in Budge et al. (2006) . Following transesterification, hexane was added to a final concentration of 50 mg ml -1 . Samples were stored at -20°C prior to analysis. Duplicate samples of FAME were analyzed and FAs identified and quantified using temperature-programmed gas chromatography according to Iverson et al. (1997 Iverson et al. ( , 2004 and Budge et al. (2006) . FAs are expressed as weight percent of total FAs and named as carbon number:number of double bonds and location (n-x) of the double bond nearest the terminal methyl group, where all additional double bonds are separated by a -CH 2 -group (i.e. methyleneinterrupted). In non-methylene interrupted (NMI) FA, double bonds are separated by more than one methylene group and therefore named as each position (Δ) from the carboxyl end.
Statistical methods. Algal consumption rates, measured as the change in wet weight of algae in each aquarium each week (11 June to 22 August 2007) divided by the number of sea urchins in the aquarium, were compared between algal diets using repeatedmeasures ANOVA. Lipid content (% wet weight) of the 2 algal species, and of gonads of sea urchins on the 2 algal diets, was compared using t-tests. Lipid content of algae and sea urchins and algal consumption data were homoscedastic (F-ratio test, p > 0.05). Lipid content of crab hepatopancreas tissue was compared between crab species and diet treatments using 2-way ANOVA. Crab lipid content data were heteroscedastic, so these were arcsine-transformed (x' = sin -1 √x) to produce equal variances (Cochran's Q, p > 0.05).
Only FAs with an overall mean contribution ≥0.1% were used, and FA composition was standardized to 100% for all samples prior to analysis. Comparisons of overall FA composition were made using 1-way analysis of similarity (ANOSIM) and multidimensional scaling (MDS). ANOSIM and MDS were performed on Bray-Curtis distances (Clarke & Warwick 1994) of untransformed data using PRIMER 6 software (Clarke & Gorley 2006) . Levels of selected FAs were compared between algal species, between gonads of sea urchins on the 2 algal diets and between hepatopancreases of each crab species on the 2 sea urchin diets using t-tests with Bonferroni-adjusted p-values (experimentwise α = 0.05). The selection of these FAs was based on markers identified for Codium fragile (16:3n-3 and 18:3n-3; Khotimchenko 2003) and Saccharina longicruris (18:4n-3 and 20:4n-6; Cook et al. 2000) . All FAs selected for pairwise comparisons were tested for homoscedasticity prior to performing t-tests (F-ratio test, α = 0.05). Welch's t-test was used for data that did not meet the assumption of equal variances.
Levels of other FAs were compared across trophic levels; these FAs were selected based on known precursors for polyunsaturated FA (PUFA) synthesis (16:0, 18:0, 16:1n-7, 18:1n-9, 18:2n-6 and 18:3n-3; Dalsgaard et al. 2003) . Individual FAs were compared between trophic levels using 2-way ANOVA with trophic level (algae vs. sea urchins, sea urchins vs. green crabs or red crabs) and primary production source (Saccharina longicruris or Codium fragile) as fixed factors. The total abundance of FAs found in sea urchins and crabs, but absent from algae, was compared between sea urchins on the 2 algal diets using a t-test, and between crabs using a 2-way ANOVA. These data were tested for homoscedasticity (Cochran's Q, α = 0.05); the arcsine transformation was used where it produced equal variances, but untransformed data were used where transformation did not improve homoscedasticity.
RESULTS
Lipid content of algae samples ranged from 0.23 to 0.93% wet weight in Saccharina longicruris and from 0.56 to 1.23% wet weight in Codium fragile, but the 2 species were not significantly different (Table 1 , Fig. 1 ). FA composition of S. longicruris differed significantly from that of C. fragile (ANOSIM, p = 0.002; Fig. 2a Fig. 1 ). Sea urchins consumed C. fragile at a significantly greater rate than S. longicruris: from 11 June to 22 August 2007, mean ± SE consumption rates per sea urchin (calculated on a per aquarium basis, n = 4 per algal diet) were 1.53 ± 0.07 g d -1 on C. fragile and 1.09 ± 0.08 g d -1 on S. longicruris. Algal species and time both had significant effects on consumption rate (p = 0.011 and 0.004, respectively) but there was no significant interaction (p = 0.568).
Gonad FA composition differed significantly between sea urchins fed Codium fragile and those fed Saccharina longicruris in both the 75 (ANOSIM, p < 0.001) and 1900 l tanks (ANOSIM, p = 0.029), and sampling date was non-significant for each diet and tank size (p > 0.05); therefore, data were pooled for further analyses. Withingroup Bray-Curtis similarity was 88% for both sea urchins fed C. fragile and those fed S. longicruris. Betweengroup dissimilarity was 14% for sea urchins on the 2 algal diets. All FAs present in algae were also present in both groups of sea urchins. The marker FAs identified as more abundant in Codium fragile, 16:3n-3 and 18:3n-3, were also more abundant in gonads of sea urchins fed C. fragile than in gonads of those fed Saccharina longicruris (Table 1, Fig. 3 ). Of the marker FAs identified as more abundant in S. longicruris, 20:4n-6 and 18:4n-3 were more abundant in gonads of sea urchins fed S. longicruris, although 18:4n-3 was marginally non-significant (Table 1, Fig. 3 ).
Of the precursor FAs (16:0, 18:0, 16:1n-7, 18:1n-9, 18:2n-6 and 18:3n-3), all were significantly more abundant in algae than in sea urchins, except for 16:1n-7, which was more abundant in sea urchins (Table 2, Fig. 4) . The source of primary production (i.e. Codium fragile or Saccharina longicruris) was a significant factor for 18:0 (although this was marginally non-significant after Bonferroni correction), 18:1n-9 and 18:2n-6, which were more abundant in S. longicruris, and for 16:0 and 18:3n-3, which were more abundant in C. fragile (Table 2, Fig. 4 ). The interactive effect of primary production source and trophic level was significant for all precursor FAs except 16:1n-7 (Table 2) . These precursor FAs comprised a greater proportion of the total FAs in C. fragile (58.5 ± 0.8%) than in S. longicruris (52.2 ± 3.0% SE), although this difference was marginally non-significant (Table 1) . Twenty-five additional FAs were present in sea urchin gonads but either absent from algae or present only in trace amounts (mean < 0.10%), including 18-carbon PUFAs, 20-, 22-and 24-carbon monounsaturates, 20:2 and 22:2 NMI dienes, 21:1 and certain omega-3 and omega-6 PUFAs (Table 3) . These FAs comprised a greater proportion of total FAs in sea urchins fed Codium fragile (32.5 ± 0.5%) than in sea urchins fed Saccharina longicruris (28.3 ± 0.9%) ( Table 1) .
The hepatopancreas of rock crabs contained slightly more lipid than that of the green crabs (p = 0.057), but there was no effect of diet on hepatopancreas lipid content (p = 0.915) and no interaction between crab species and diet (p = 0.333; Fig. 1 ). FA composition of green crabs differed significantly between diet treatments (p = 0.031; Fig. 2c) ; average Bray-Curtis dissimilarity between individuals in the 2 diet treatments was 15%. There was no effect of diet on overall FA composition of rock crabs (p = 0.7; Fig. 2d) ; average BrayCurtis dissimilarity between individuals in the 2 diet treatments was 20.2%.
All FAs present in sea urchin gonads were also present in the hepatopancreas of both crab species, and no additional FAs were detected in crab hepatopancreas tissues. Of the marker FAs identified in algae and sea urchins, the Codium fragile marker 18:3n-3 was significantly more abundant in crabs of both species in C. fragile food chains, and 16:3n-3 was significantly more abundant in green crabs in the C. fragile food chain than those in the Saccharina longicruris food chain (Table 1, Fig. 3 ). The relative abundance of markers identified for S. longicruris (18:4n-3 and 20:4n-6) was not affected by diet for crabs of either species (Table 1, Fig. 3 ). The precursor FAs 16:0, 16:1n-7 and 18:3n-3 were significantly more abundant in sea urchins than in either crab species, while 18:0 and 18:1n-9 were significantly more abundant in crabs than in sea urchins (Table 2, Fig. 4 ). 
DISCUSSION
We examined the ability of FA data to distinguish sources of primary production contributing to higher trophic levels in an experimental food web based on 2 algal species (native Saccharina longicruris and invasive Codium fragile), with one primary consumer (sea urchins) and 2 secondary consumers (native rock crabs and invasive green crabs). We found 2 potential markers of C. fragile that persisted through both trophic transfers; however, their relative abundance decreased with each transfer, indicating the limited utility of these markers for larger-scale food web studies.
The 2 algal species in the present study, Saccharina longicruris and Codium fragile, were distinct in their FA compositions, and these were similar to the FA compositions reported by Cook et al. (2000) for S. longicruris and by Khotimchenko (2003) for C. fragile. We identified 20:4n-6 and 18:4n-3 as potential marker FAs for S. longicruris, and 16:3n-3 and 18:3n-3 as potential marker FAs for C. fragile. FAs 20:4n-6 and 18:4n-3 are dominant in brown macroalgae and are useful as general markers for the group (Graeve et al. 2002 ), but would not distinguish S. longicruris from other kelps, such as Laminaria digitata, present in the rocky subtidal ecosystem in Atlantic Canada. FA 18:3n-3 is both a major constituent in green macroalgae (Graeve et al. 2002 , Khotimchenko 2003 ) and a precursor for a major highly unsaturated FA (HUFA) synthesis pathway, so its utility in distinguishing C. fragile in field studies may be limited. However, significant quantities of 16:3n-3 have been detected only in C. fragile and 2 other genera of green algae (Khotimchenko 1995 (Khotimchenko , 2003 , making it a potentially useful marker for C. fragile.
The higher consumption rate of Codium fragile than Saccharina longicruris by sea urchins has been reported previously (Scheibling & Anthony 2001 , Sumi & Scheibling 2005 , Lyons & Scheibling 2007a and attributed to compensatory feeding on C. fragile because of its lower nutritional quality compared to kelp (Lyons & Scheibling 2007b) . Gonads of sea urchins fed the 2 algal diets differed significantly in their FA composition, although differences between gonads were less pronounced than differences between diets. Sea urchins substantially modify dietary FAs, such that their overall FA composition does not closely resemble that of their diets (Castell et al. 2004 , Kelly et al. 2008 . The presence of FAs in sea urchin gonads that were absent from their diets indicates that FA biosynthesis occurred in sea urchins on both algal diets (Castell et al. 2004 ). Many marine organisms have a limited capacity for HUFA biosynthesis, so synthesis of these FAs by sea urchins from precursors in macroalgae may represent an important link in rocky subtidal food webs (Dalsgaard et al. 2003 , Hall et al. 2006 . Certain saturated and monounsaturated FAs and the PUFAs 18:2n-6 and 18:3n-3 decreased in relative abundance from algae to sea urchins, likely indicating that these were used as precursors for synthesis of other FAs (Castell et al. 2004 ). The higher proportion of sea-urchin synthesized FAs found in gonads of sea urchins in the Codium fragile food chain may be a result of a higher proportion of precursor FAs found in C. fragile than in Saccharina longicruris. Data from Castell et al. (2004) support this hypothesis: sea urchins fed artificial diets high in precursor FAs (94 to 96% of total FAs) had a higher proportion of seaurchin synthesized FAs in their gonads than those fed a similar diet with fewer precursors (55%) or kelp (34%).
The source of primary production at the base of the food chain significantly affected overall FA composition of the invasive green crab but not of the native rock crab. Crustaceans generally have a limited ability to synthesize HUFAs such as 20:4n-6 and 20:5n-3 from 18-C precursors such as 18:2n-6 and 18:3n-3 (González-Félix et al. 2002) . However, our results show an increase in the relative abundance of these HUFAs between sea urchins and crabs regardless of sea urchin diet or crab species. This suggests that crabs must either synthesize or preferentially retain these HUFAs. The presence of 20:2n-6 in both crab species suggests that dietary 18:2n-6 is converted to 20:4n-6, as 20:2n-6 is an intermediate in this metabolic pathway (Merican & Shim 1996) . Further evidence of FA modification by crabs was provided by the lower levels of potential precursor FAs in crabs than in sea urchins.
The persistence of markers for Codium fragile but not Saccharina longicruris in the food web, and the distinct FA compositions of green crabs but not rock crabs on different diets, may be related to the feeding ecology of both sea urchins and crabs. The green sea urchin has evolved to feed on native seaweeds such as S. longicruris, and is unaccustomed to consuming the invasive alga C. fragile. Desaturase enzymes in the sea urchin may be present in quantities appropriate for native food sources, but insufficient for certain novel food items. Thus C. fragile markers in sea urchin tissues may represent the quantity of 16:3n-3 and 18:3n-3 in C. fragile that exceeds the processing capacity of Δ-6 desaturase in the sea urchin. Similarly, markers present in the invasive green crab may represent FAs in excess of its enzymatic processing capacity, as it does not normally consume sea urchins. Because the rock crab is a natural predator of sea urchins, it may have the enzymatic capacity to process FAs present in sea urchins, resulting in no marker FAs in the kelp food chain and no overall difference between rock crabs on the 2 diets. This pattern merits further research, as it may suggest the utility of FA analysis for detecting invasive primary producers at higher trophic levels, and for analyzing the diet of invasive consumers.
Other studies that have traced FA markers through multiple trophic transfers have focused on a food chain with a single source of primary production (Hall et al. 2006 , Shin et al. 2008 ). The present study is one of the few that have compared levels of potential marker FAs between animals on different diets in order to assess their validity as tracers in a particular food web. Our results concur generally with those of Hall et al. (2006) in that we also were able to detect several markers in the first trophic transfer and fewer in the second transfer, and the relative abundance of marker FAs decreased with each trophic transfer. Both Hall et al. (2006) and Shin et al. (2008) found an increase in the relative abundance of 20:4n-6 at each trophic transfer. Our results were similar for the second trophic transfer, indicating either synthesis or selective retention of this FA by both crab species.
We were able to detect Codium fragile as the primary producer using the FA markers for the invasive alga (16:3n-3 and 18:3n-3). Of the 2 markers, 18:3n-3 is less likely to be useful in field studies because it is a general marker for green algae and ubiquitous in marine systems, as well as being a common precursor for FA synthesis (Hall et al. 2006) . Signal attenuation is also likely to limit the usefulness of FA markers in this food web, as the magnitude of difference between diets decreased with each trophic transfer. Differences between crab species in the overall effect of diet on their FA composition indicate that the effects of primary producers may vary across consumer taxa, and thus specific food chains of interest should be tested in the laboratory before attempting to use FA analysis in field studies. 
